Chromium (VI) is known to be carcinogenic to humans and thus it is important to ensure the removal of Chromium (VI) from aqueous solutions and industrial effluents. The present study introduces a good alternative method for Cr (VI) removal from aqueous solutions at ambient temperature by adsorption, allowing the development of newer, lower operational cost, and more efficient technology than other processes already in use. Adsorption was found to be dependent on pH and initial concentration of Cr(VI) solution. Results of adsorption studies suggest that pristine iron oxide and silicon (IV) oxide removes 72.10% and 24.73%, respectively. The iron oxidesilicon (IV) oxide composite, prepared in this work, removes 93.88% Cr(VI) in 20 minutes from aqueous solution at an initial concentration of 50 mgL -1 at pH 4.8 ± 0.2. The effect of concentration, contact time, adsorbent dose and solution pH on the adsorption of Cr(VI) were studied in detail in batch experiments. Studies of the sorption kinetics shows that equilibrium adsorption was attained in 20 minutes depending on other experimental conditions. The kinetic data justified Lagergren's first-order kinetic equation. Adsorption isotherm study showed that the results fulfilled the Langmuir Model of adsorption isotherm. The maximum adsorption (98.28%) was recorded at pH 3 in 90 minutes for the initial Cr(VI) concentration of 50 mg L -1 . Therefore, it can be concluded that iron oxide -silicon (IV) oxide composite is a potential adsorbent for adsorption of Cr(VI) from aqueous solution.
Introduction
Now-a-days Cr(VI) is considered as one of the most heavy metal pollutants globally. Both human health and environment are under serious threat because of the highly toxicity of this Cr(VI) present in industrial wastewater. Different natural and anthropogenic activities helps chromium to enter into air, water and soil in the chromium(III) and chromium(VI) form [1] . The main human activities that increase chromium(VI) concentrations are chemical, leather and textile manufacturing, electro painting and other chromium(VI) applications in industry [2, 3] .
Hexavalent chromium is very toxic to the species of flora and fauna [4] . In animals, chromium can cause respiratory problems, a lower ability to fight disease, birth defects, infertility and tumor formation [5] . Environmental effects of chromium have been extensively reviewed [1] [2] [3] [4] [5] [6] [7] [8] [9] . These authorities agreed that domestic and industrial products which are made of Cr are toxic either in the form of hexavalent chromium or trivalent chromium. Other documents showed that discharge of Cr wastes into streams and lakes has caused damage to aquatic ecosystem and accidental poisoning of livestock. Chromium(VI) is a danger to human health [10] , mainly for people who work in the steel and textile industry. People who smoke tobacco also have a higher chance of exposure to chromium.
To avoid the potential risks of both surface and groundwater, the US Environmental Protection Agency has established standards that require the destruction of chromates prior to discharge. The US EPA has designated the ion exchange, coagulation and flocculation, adsorption and biosorption, reverse osmosis, electro dialysis and photo-catalysis treatment methods as Best Available Technology (BAT) for removing chromium from water.
Extensive research has been done to establish suitable technique for Cr(VI) removal and has attracted the attention of more scientists. In order to select a particular method, it is required to consider few factors like the versatility, simplicity, cost effectiveness and technical feasibility. Major drawbacks for different available methods are -high cost and technical complications (for reverse Osmosis, ion exchange, photo catalysis and electro dialysis), sludge generation (for chemical precipitation, coagulation and filtration). In contrast-low cost, availability, profitability, easy of operation and efficiency are the main advantages of adsorption techniques especially from economical and environmental points of view.
Different types of adsorbents and their performance in Cr(VI) removal were studied [11, 12] . The result shows that activated carbons are expensive and can remove a few milligrams of metal ions per gram of activated carbon [13] , chitosan are nonporous sorbent; the sorption capacity depends on the origin of the polysaccharide and the degree of N-acetylation and requires chemical modification to improve its performance. Biosorbents are sensitivity to operating conditions like pH and ionic strength and requires large amount of biosorbent [14] . Inorganic membrane are costly and also have low surface area [15] . Chromium removal from wastewater by adsorption process with composite materials are simple, more efficient and economically viable. Thus in the present study, hexavalent chromium from wastewater is removed by using iron oxide-SiO 2 composite material prepared by different methods.
Experimental
Preparation of the Adsorbent. Reddish brown precipitate of iron (III) hydroxide was prepared electrochemically. The solid mass of dried iron (III) oxide was instantly added into water (1.00:10.20 ratio with TEOS) [16] and was sonicated for about 30 minutes. After that the ethanol solution containing TEOS (mixed at the molar ratio 1.00 : 3.85) was added into it at the pH value of 5.0. After sonication, the mixture was left for ageing to form SiO 2 -Fe(OH) 3 composite. Water from the Fe(OH) 3 -SiO 2 composite was evaporated by gently heating and then the composite was heated in the woven at 300 0 C for 6 hours to convert it into Investigation of the adsorption efficiency. To investigate the effect of adsorption of Cr(VI) from aqueous solution by the iron oxide, silicon (IV) oxide and Fe 2 O 3 -SiO 2 composite (1:1), 0.20 g of sorbent of each type were taken in the reagent bottles. 20cm 3 of 10 mgL -1 Cr(VI) solution having pH 4.8 was added to different type of the sorbent in a series of reagent bottles. Then the bottles were shaken for 20 minutes by a thermostated mechanical shaker at 250 rpm shaking speed and at temperature (30±0.2)°C. After that the supernatant was removed from the sorbent as soon as possible and centrifuged repeatedly. The absorbance of the clear solution was measured spectrophotometrically [17] . The experimental data is shown in Table 1 .
Effect of initial concentration towards adsorption of Cr(VI) on the composite. To investigate this effect, 25cm 3 Cr(VI) solution of varied concentration were added to 0.20 g of the sorbent in a series of reagent bottles. Then the bottles were shaken by a thermostated mechanical shaker. After definite interval of time each of the bottles were withdrawn from the shaker. Then the supernatant was removed from the sorbent quickly and centrifuged repeatedly. The absorbance of the clear solution was measured by using atomic absorption spectrophotometer in order to determine the actual concentration of the Cr(VI) solution after its adsorption on the composite.
Effect of sorbent dosage. For this purpose, different dosages of Fe 2 O 3 -SiO 2 composite (ranging from 0.05 g to 0.30 g) were considered as sorbent. 25cm 3 of 50 mgL -1 Cr(VI) solution was added to each of the reagent bottles having different amount of composite. After shaking for 20 minutes by a thermostated mechanical shaker, the supernatant was removed quickly and was centrifuged repeatedly. The absorbance of the clear solution was measured by using AAS.
Effect of Shaking time and pH. The pH of 50 mgL -1 Cr(VI) solution were carefully adjusted at 4.8, 3.0 and 8.0 by adding freshly prepared 0.1 M HCl or 0.1 M NaOH solution. 25 cm 3 of each of the above solution were added to 0.20 g of the sorbent in a series of reagent bottles and were shaken by the shaker. After definite interval of time each of the bottles were withdrawn from the shaker. Then the supernatant was centrifuged. The absorbance of the clear solution was measured by using AAS to detect the actual concentration of the Cr(VI) solution after its adsorption on the composite. Adsorption Isotherm. Batch adsorption studies were conducted to determine adsorption isotherm. 25 cm 3 of Cr(VI) solutions (having pH at 4.8) of varied initial concentrations, ranging from 10 to 60 mgL -1 , were added to the reagent bottles containing 0.20 g of the sorbent. 20 minutes time (experimentally found ) was sufficient to attain equilibrium adsorption. Thus the bottles were shaken in the shaker for 20 minutes and then the supernatants were centrifuged. The absorbance of the clear solution was measured by using AAS.
The amounts of Cr(VI) adsorbed per gram of the composite were calculated from the equation: q e =[ (C i -C e )V ]/m where q e is the mass of adsorbate adsorbed per unit mass of adsorbent (mg adsorbate /g adsorbent), C i and C e are the initial and the final (equilibrium) concentration (mgL -1 ) of Cr 6+ ion in solution respectively, V is the volume (L) and m is the mass of adsorbent (g) [18] . The kinetic study of sorption of Cr(VI) on the composite was carried out by observing the effect of shaking time on % sorption of Cr (VI) on the composite. Langmuir isotherm was used to analyze the adsorption data.
Results and Discussion
Investigation of the adsorption efficiency. The adsorption capacity of different adsorbents at pH 4.8 is shown below in Table 1 . The experimental data shown above, indicate that maximum amount of Cr(VI) removal is achieved by using Fe 2 O 3 -SiO 2 composite and thus in this study the removal efficiency of Cr(VI) is studied by using the Fe 2 O 3 -SiO 2 composite. 
Effect of Initial Concentration and contact time.
The effect of initial concentration on adsorption of Cr(VI) by the composite is shown in Fig. 3 which shows that better percentage of adsorption of Cr(VI) takes place with the increase in initial concentration of Cr(VI) from 40 to 50 mgL -1 . Adsorption of Cr(VI) increases sharply with time and attains equilibrium at about 20 minutes for all concentrations studied . After equilibrium, adsorption is negligible.
Effect of adsorbent dosages. The effect of adsorbent dosages on the Cr(VI) adsorption by the prepared composite depicted in Fig. 4 shows that adsorption increases from 0.05 g to 0.15 g and stays almost constant up to 0.30 g of the sorbent dosage. The rate of adsorption increases with the increase in dosages because with the increase in dosages number of active site increases. Table 2 and Fig. 5a . Preliminary experiments showed that the composite remain stable over a pH range of 2-9. Figure 5 shows that at pH 3.0 maximum amount of Cr(VI) was adsorbed (about 98%) , at pH 4.8 the amount of Cr(VI) adsorbed was 96.5% and about 77% at pH 8.0 . So it can be said that the Cr(VI) removal efficiency decreases with increases in pH. The adsorption data (in Table 3 ) were converted to a Langmuir isotherm. A plot of C e / (x/m) vs C e was a straight line ( Fig. 5c) , where x/m=Q is the amount adsorbed per gram of adsorbent at an equilibrium concentration of C e and Q m is corresponding amount for the formation of a monolayer. Figure 5c shows a linear plot of C e / (x/m) against C e . The straight line , indicating the validity of the Langmuir model of adsorption. The values of the Langmuir constants, Q m and K a were determined from the plot and found to be 6.17 mgg -1 and 1.80 Lmg -1 respectively (Fig. 6a ). The rate constant for the sorption of Cr(VI) on Fe 2 O 3 -SiO 2 composite has been determined from the first order rate expression given by Lagergren [19] . Linear plot of ln(Q e -Q) vs shaking time indicates the applicability of Lagergren equation and the first order nature of the adsorption process. The equation of Weber and Morris [20] Q = k d t 1/2 , was used to get the rate constant of intra particle transport, k d . A plot of Q vs t 1/2 (Fig.6b) does not pass through the origin which indicates that the pore diffusion is not the only rate-controlling step in the removal of Cr(VI) in aqueous system, and from the slope was found to be was found to be 1.51 mg g -1 min -1/2 at 30°C.
Effect of pH on Adsorption. The effect of pH on Cr(VI) adsorption is presented in
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Conclusion
Removing efficiency of Cr(VI) by the composites were found to be dependent on pH and initial concentration of Cr(VI) solution. Results of adsorption studies suggest that iron oxide removes 72.1%, silicon (IV) oxide removes 24.73% and the composite removes 93.88% Cr(IV) from aqueous solution. So, it can be said that iron oxide -silicon (IV) oxide composites plays effective role in adsorption of Cr(VI) from aqueous solution. Studies of the sorption kinetics show that equilibrium adsorption was attained in 20 minutes depending on other experimental conditions. The kinetic data justified Lagergren first-order kinetic equation. Adsorption isotherm shows that the results fulfilled the Langmuir Model of adsorption isotherm.
